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57] ABSTRACT

A magnetoresistive head achieves maximum signal output
with minimal electromigration by using a magnetoresistive
clement through which a unidirectional sense current is
flown. Periodically, a control circuit determines whether one
or more switching criteria have been met, and applies a
counter-directional compensation current 1n the magnetore-
sistive element when the switching criteria are met, thus
suppressing eclectromigration 1n the magnetoresistive ele-
ment 1n the direction of said sense current. In a preferred
embodiment, the compensation current 1s applied during a
quiescence period. In another embodiment a continuous
unmidirectional sense current 1s flown through the magnetore-
sistive element, and the control circuit suspends the sense
current 1n the magnetoresistive element for a period of time
when one or more switching criteria have been met, so as to
prevent atomic excursion beyond one atomic diameter, such
that electromigration i1n the magnetoresistive element 1s
substantially reduced 1n the direction of the sense current.

21 Claims, 11 Drawing Sheets
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MAGNETORESISTIVE HEAD WITH
MINIMAL ELECTROMIGRATION

CROSS-REFERENCE TO RELATED
APPLICATTIONS

The present patent application 1s a continuation-in-part
application of co-ending patent application titled “Magne-
toresistive Head Using Sense Currents of Opposite

Polarities”, Ser. No. 08/636,059, filed on Apr. 23, 1996, now
U.S. Pat. No. 5,793,550, which 1s incorporated herein by

reference.

FIELD OF THE INVENTION

This mvention relates to magnetoresistive heads and in
particular to a magnetoresistive element for reading data
recorded on a magnetic medium which realizes optimal
signal output with minimal risk of electromigration.

DESCRIPTION OF THE PRIOR ART

Disk drives typically include a stack of spaced apart
magnetic disks that are mounted on a common shaft, and an
actuator arm assembly comprising a plurality of arms
extending 1nto the spaces between the disks. Mounted on the
distal end of each arm 1s a resilient load beam which
supports a miniaturized gimbal assembly. The gimbal
assembly 1ncludes an air bearing slider pivotally attached to
a flexure. Magnetic transducers, employed to interact with
the disks, are atfixed to the slider.

In presently known disk drives, the magnetic transducers
include i1nductive elements for recording data onto a disk,
and magnetoresistive (MR) elements for reading the
recorded data from the disk. The operation of the MR
clement 1s based on the principle that the resistance of
certain materials changes when subjected to a magnetic
field. Output signals from the MR element are generated by
supplying 1t with a constant direct electrical current. The flux
from the magnetic disk seen by the sensing MR element 1s
reflected by a change 1n voltage that i1s proportional to the
change 1n resistance of the material caused by the flux.

One objective when using a flying head or air bearing
slider on which the MR element 1s deposited to operate 1n a
transducing relationship with the disk 1s to increase the
current density through the MR element 1n order to maxi-
mize the output signal. However, a problem with increasing
the current density is the failure caused by electromigration.
The electromigration phenomenon occurs when a unidirec-
tional current flows through the MR element and direction-
ally biases the atom motion and/or diffusion within the MR
clement, resulting 1n an ultimate electrical open in the MR
clement that 1s preceded by increasing MR eclement
resistance, mcreased operating temperature, and eventual
catastrophic damage to the MR element.

SUMMARY OF THE INVENTION

An object of this invention 1s to provide an MR head that
realizes maximum signal output by providing a compensa-
fion mechanism and operating method for substantially
minimizing electromigration.

Another object of this invention 1s to flow an increased
direct current with a single polarity through the MR element,
with minimal long term directional diffusion, for the purpose
of 1ncreasing the signal output.

An object of this 1nvention 1s to provide an MR head that
realizes maximum signal output by providing a compensa-
fion mechanism and operating method for substantially
minimizing electromigration.
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According to this invention, a magnetoresistive head
achieves maximum signal output with minimal electromi-
oration by using a magnetoresistive element through which
a unidirectional sense current 1s flown during the reading
operation. Periodically, a control circuit determines whether
one or more switching criteria have been met, and applies a
counter-directional compensation current 1n the magnetore-

sistive element when the switching criteria are met, thus
suppressing electromigration 1n the magnetoresistive ele-
ment 1n the direction of said sense current. In a preferred
embodiment, the compensation current 1s applied during a
quiescence period.

BRIEF DESCRIPTION OF THE DRAWING

The 1nvention will be described in greater detail with
reference to the drawing 1n which:

FIG. 1 1s a representational view depicting the position of
a MR head relative to an inductive pole 1n a shider made
according to the present 1nvention;

FIG. 2 1s a functional flow chart of the operation of the
MR head of FIG. 1;

FIG. 3 1s a plot of two normalized micro-track voltage

output profiles relative to the current direction in the MR
head of FIG. 1;

FIG. 4 1s a functional flow chart of another MR head
operation according to the present invention;

FIG. 5 1s a plot of alternating sense and compensation
currents through the MR head of FIG. 4;

FIG. 6 1s a plot illustrating another operation wherein

sense and compensation currents of different intensities are
flown through the MR head of FIG. 4;

FIG. 7 1s a graph plotting the logarithm of maximum time
for substantial full reversibility versus 1/T, where T 1s the
temperature of the MR head;

FIG. 8 1s a life time simulation plot illustrating the
resistance profiles of three MR heads relative to time;

FIG. 9 1s a plot illustrating the change in resistance
proiiles of the MR head relative to temperature, using no
compensation current (Graph K), and two different compen-
sation current periods (Graphs L and M);

FIG. 10 1s a plot dertved from FIG. 9, illustrating the
change 1n resistance of the MR head relative to time, at
various temperatures; and

FIG. 11 1s a graph plotting the change 1n resistance in
resistance of the MR head relative to the diffusion length at
a temperature of 5250 K.

Similar numerals refer to similar elements 1n the drawing.
It should be understood that the sizes of the different

components 1n the figures are not necessarily in exact
proportion, and are shown for visual clarity and for the
purpose of explanation.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 shows part of a slider 12 used mm a MR head 1n
accordance with the present invention. The slider 12
includes an inductive element 14 that has a shield-type
construction, wherein the MR element 14 i1s disposed
between two thin film magnetic shields 16, 17. The first
magnetic shield 16 also forms part of the magnetic circuit of
an 1nductive write transducer having a pole P2.

The geometric centers of the pole P2 and the MR element
14 are offset by a predetermined distance L. The offset
distance L 1s a function of the skew angle range of the
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magnetic disk/transducer combination. The skew angle
range 1s typically between -5° for the inner diameter track
and +15° for the outer diameter track of the magnetic disk
(not shown). For any fixed skew angle range, the offset
distance L 1s a constant, and 1s defined by the following
equation (1):

L=S. Tang ©,,, (1)

where S 1s the spacing between the MR element 14 and the
pole P2, and ®,,, 1s the middle track skew angle and 1s
defined by the following equation (2):

Orp=(0;p+Op)/2. (2)

In the above equation ®,,, and ®, are respectively defined
as the skew angles of the inner and outer tracks of the
magnetic disk.

In addition to the physical positioning of the MR head
relative to the magnetic disk, the control system 20 positions
the MR element 14 relative to the track from which data 1s
read, 1n order to maintain the optimal magnetic position of
the MR element 14 relative to the magnetic disk. To this end,
two magnetic centers MC™ and MC™ are symmetrically
defined, one on each side of the geometric center of the MR
clement 14, such that MC™ coincides with the peak P~ of the
negative micro-track voltage output profile (NMT) shown in
FIG. 3, and MC™ coincides with the peak P* of the positive
micro-track voltage output profile (PMT). It should be
understood that while conventional MR heads have a single
micro-track voltage output profile, this invention makes use
of two sequentially occurring positive and negative micro-
track voltage output profiles PMT and NMT.

With reference to FIG. 3, the positive micro-track voltage
output profile PMT corresponds to a direct current passing
through the MR element 14 1n one direction, while the
negative micro-track voltage output profile NMT corre-
sponds to a direct current passing through the MR element
14 in the opposite direction. The peak P™ is located at a
distance or displacement +D from the center line 40 and the
peak P~ 1s located at a distance or displacement —D from the
center line 40, as shown 1in FIG. 3. The center line 40
corresponds to the middle track of the magnetic disk. The
displacements +D and -D are referred to as micro-jogs and
are determined by the geometry of the MR head.

With reference to FIG. 2 and starting at step 100, the
control circuit 20 centers a first magnetic center, such as
MC™ of the MR element 14 with the peak P* of the positive
micro-track voltage output profile PMT, such that MC”
coincides with the geometric center of the magnetic track
from which data is being read (step 102).

The control circuit 20 then inquires at step 104 whether
preset switching criteria have been satisfied. An exemplary
criterion would be whether a predetermined time has elapsed
between two consecutive reversals of the current polarities.
It should be understood that other criteria for minimizing
directional diffusion may alternatively be selected. The
sense current magnitude and time 1n each direction may be
equal, for example. An 1mportant factor in selecting the
switching criteria 1s that electromigration in both directions
should remain reversible.

If the preset criteria have not been met, the control circuit
20 continues to read data from the magnetic disk (step 102)
and to inquire whether the desired criteria have been met
(step 104). If on the other hand the preset criteria have been
met, the control circuit 20 reverses the polarity of the current
flowing through the MR element 14 (step 106), and simul-
tancously centers the magnetic center MC with the peak P of
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4

the negative micro-track voltage output profile NMT, such
that point MC™ coincides with the geometric center of the
magnetic disk track (step 108) from which data is being read
(step 110).

The control circuit 20 then checks at step 112 whether the
preset switching criteria have been satisfied. It should be
noted that the preset criteria checked at steps 104 and 112 are
preferably 1dentical, but other criteria may alternatively be
selected. If the criteria at step 112 have not been met, the
control circuit 20 continues to read data from the magnetic
disk (step 110) and to inquire whether the desired criteria
have been met (step 112). If the criteria have been met, the
control circuit 20 reverses the polarity of the current flowing
through the MR element 14 (step 114), and simultaneously
centers MC™ with the geometric center of the magnetic disk
track (step 100). The foregoing process continues for as long
as the disk drive remains operational.

In one embodiment of this invention the switching period,
1.e., the time between two consecutive reversals of the
current polarities (steps 106 through 114) ranges between 2
to 4 hours for a MR head intended to have a mean life of
about 5 years. It should be clear that other periods may
alternatively be selected.

Since electromigration within the MR element 14 has
been minimized or suspended, the next objective 1s to
determine the maximum current that could flow through the
MR element 14 without inducing damaging diffusion
clfects. It 1s expected that by utilizing equal currents 1n two
opposite directions for approximate equal time periods, the
current density through the MR element 14 may be eflec-
fively doubled, resulting in approximate doubling of the
output signal for the same MR element 14, 1.¢., a gain of at
least 6 dB 1n the MR head, and hence improved signal-to-
noise ratio.

For example, conventional MR heads are generally oper-
ated between 20° C. and 30° C. above ambient temperature.
However, a MR head incorporating the present mvention
may be operated at 150° C. or more above ambient
temperature, thus significantly improving the signal output
of the MR element 14.

The analysis for obtaining optimal operating current will
now be presented. Presuming that the diffusion of Ta
(tantalum) into a 300 Angstrom-thick MR element made of
NiFe, the activation energy (A) is estimated to be 71 Kcal
(kilocalories). The following equation (3) may then be
solved for the temperature (T):

D=D e =x*/2t,

(3)

where D 1s the diffusion constant; D, 1s a constant approxi-
mately equal to unity; R 1s a constant and 1s equal to 1.95;
T 1s the operating temperature in degrees Kelvin; x 1s the
diffusion distance; and t refers to the time to reach a
disabling diffusion condition, namely the life of the MR
head. In one embodiment t 1s estimated to be 5 years. Using
the above estimates, the operating temperature T of the MR
clement 14 is found to be approximately 150° C. above
ambient temperature.

Considering that the power (I°R) is proportional to the
operating temperature T, the current (I) flowing through the
MR element 14 would be at least twice that in conventional
MR heads. This substantial increase in current automatically
translates 1nto a corresponding increase in output signal.

With reference to FIG. 4 the new operation process of the
MR element 14 1s referenced by the numeral 200. According
to the operation process 200 the control circuit 20 1s not
required to center both magnetic centers MC* and MC™ of
the MR element 14 with respect to the peaks P™ and P~ of
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the positive and negative micro-track voltage output pro-
files. Rather, the control circuit 20 applies a sense current 1n
a single direction, causes the MR head to read data from the
magnetic disk (step 202), and then inquires at step 204
whether preset switching criteria have been satisfied.

An exemplary switching criterion 1s whether a predeter-
mined time has elapsed before applying a compensation
current at step 206. It should be understood that other
switching criteria for minimizing directional diffusion may
alternatively be selected. An important factor 1n selecting the
switching criteria 1s that electromigration remains at least
partially, 1f not totally reversible.

If the preset criteria have not been met, the control circuit
20 1t repeats the routine of acquiring data from the magnetic
disk (step 202) and inquiring whether the desired switching
criteria have been met (step 204). When the preset switching

criteria are met, the control circuit 20 causes a compensation
current to flow through the MR element 14 (step 206). This
compensation current 1s preferably applied during a quies-
cence period, that 1s when the MR element 14 1s not reading
data from the magnetic disk. For instance, the compensation
current may be applied while the magnetic head 1s writing
data onto the magnetic disk.

In a preferred embodiment, after the control circuit 20
completes the application of the compensation current at
step 206, 1t repeats the routine of reading data from the
magnetic disk (step 202), inquiring whether switching cri-
teria have been met (step 204), and applying a compensation
current when the switching criteria have been met (step
206).

FIG. 4 further illustrates an alternative embodiment
(shown in dashed lines), wherein after the control circuit 20
has applied the compensation current (step 206), it acquires
data from the magnetic disk (step 210), and then inquires
whether a second set of preset switching criteria have been
satisfied (step 212). It should be noted that the first set of
preset criteria checked at steps 204 and the second set of
preset criterita checked at step 212 may be identical, but
other criteria may alternatively be selected. If the control
circuit 20 determines that the second set of switching criteria
have not been met (step 212), the MR head continues to read
data from the magnetic disk (step 210) and the control circuit
20 inquires once again whether the desired criteria have
been met (step 212). If the criteria were met, the control
circuit 20 causes a compensation current to flow through the
MR element 14 (step 214), and then acquires data from the
magnetic disk (step 202). The compensation current is
applied during a quiescence period. The foregoing routines
of reading the data on the magnetic disk and subsequently
applying a compensation current are repeated.

FIG. 5 provides an exemplary graphical illustration of the
operation process 200 of FIG. 4, by plotting the sense and
compensation currents with respect to time. With further
reference to FIG. 4, the period between time t, and time t,
corresponds to step 202 during which a sense current +I 1s
flown through the MR element 14 1n a selected direction. At
fime t, the control circuit 20 performs step 204. When the
control circuit 20 determines that the switching criteria have
been met 1t applies a compensation current -1 to the MR
clement 14 for a period between time t, and time t,.

In this particular illustration the sense current +I and the
compensation current —I have the same intensity but oppo-
site directions. In addition, the sense current and the counter-
directional compensation current are applied for the same
duration of time such that period (t;—t,) is equal to period
(t,—t,). The cycle or period, i.e., (t,—t,) of applying the sense
and compensation currents 1s repeated during the operation
of the magnetic disk drive.

FIG. 5 1illustrates another important aspect of the present
invention, namely to specify the switching criteria for full or
almost full reversibility in the direction of the sense current,
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1in order to limit electromigration in the sense current direc-
tion. The switching criterion 1illustrated in FIG. 5 1s the
maximum time for applying the sense current before flowing
the compensation current in the MR element 14. By way of
example, in the stmulation shown 1n FIG. 8, the sense period
i.e., (t,—t,) 1s set to 72 seconds. While the switching criteria
for reversibility are described in relation to the operation
process 200 of FIG. 4, 1t should be clear that these criteria
may apply as well to the operation process 1llustrated i FIG.
2.

In summary, a preferred embodiment according to the
present invention satisiies one or more of the following three
switching conditions. The first condition 1s to flow a counter-
directional compensation current through the MR element
14 so as to induce a total integrated power within the MR
clement 14 that counters the migratory effect of atoms within
the structure caused by the electron wind. The second
condition 1s to limit the acceptable diffusion length of the
atoms within the structure to a distance of the order of less
than one to a few atom diameters, such as 5 atom diameters,
in order to obtain substantial full reversibility of electromi-
oration. In one embodiment the atoms are allowed to diffuse
for a distance less than one atom diameter, which eliminates
the need to flow a compensation current through the MR
clement 14. In essence, as long as the atoms are not allowed
to migrate beyond one atom diameter, 1t 1s believed that
clectromigration 1s significantly curbed if not entirely elimi-
nated even if a continuous sense current 1s applied. The third
condition 1s to flow the compensation current during a
quiescence period.

In some applications 1t would be desirable to change the
length of the quiescence period. FIG. 6 1llustrates an appli-
cation that requires the minimization of the quiescence
period so as to optimize the data read/write response of the
magnetic head. In such application a sense current +I 1s
flown through the MR element 14 for a period (t;-t;). A
counter-directional compensation current —al 1s flown for a
period (t,—t,), where a is a preset value greater than unity.
Since it is desirable to set the power (a”I°R) dissipated by the
compensation current to be approximately greater than, or
equal to the power (I°R) dissipated by the sense current, the
period (t,—t,) is shorter than the period (t; - to).

With reference to FIG. 7, the logarithm of the critical time
for reaching the limit of substantial full reversibility 1is
plotted versus 1/1, where T 1s the temperature of the MR
clement 14 measured 1n degrees Kelvin. Every MR structure
has an activation energy that dictates the critical time. If this
maximum or critical time were exceeded at a particular
temperature then electromigration becomes only partially
reversible or completely irreversible. The longer the critical
time 1s exceeded, the less reversible electromigration
becomes. The plot is based on empirical values (points u, v,
W, X, ¥), and demonstrates that the following linear relation-
ship exits between the logarithm of time and 1/T:

Log Time Max=4409(1/T)-7.72. (4)

This equation may be generalized as follows:

Log Time Max =A(1/7)-5, (5)

where A and B are constant values.

FIG. 8 1s a life time simulation plot illustrating the
resistance profiles H, I, J in ohms of three different heads
relative to time measured 1n hours. All three profiles H, I, J
start at the same initial room temperature and resistance of
approximately 39 ohms. The first profile H 1s generated by
a conventional head operated using a unidirectional sense
current of +21 mA without the application of a compensa-
tion current. The second profile I 1s generated by a head
operated using a sense current of +21 mA for a period of 72
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seconds and a counter directional compensation current of
—-21 mA for a similar period of 72 seconds, as generally

described 1n relation to FIG. §. The third profile J 1is
oenerated by a head operated using a continuous sense
current of approximately 21 mA which does not allow
atomic excursion beyond one atom diameter. The third flat
proiile clearly illustrates the significant electromigration
suppression attained using the teaching of the present 1nven-
fion.

FIG. 9 reflects a quantitative relationship between the rate
of change of the resistance (AR)"” in the magnetoresistive
element 14 measured in (ohms per hour)”?, relative to
temperature (T) in degrees Kelvin. Graph K illustrates the
rate of change of the resistance 1n a conventional MR head
through which no compensation current 1s flown. The rela-
fionship between the rate of change of the resistance and
temperature has been empirically obtained and is established

by the following equation (6):

(AR)Y20.00162.7-0.71477. (6)

Graph L illustrates the rate of change of the resistance of the
MR head 14 through which a counter-directional compen-
sation current of 21 mA 1s flown for a switching period of 72
seconds. In this 1llustration, a sense current of 21 mA 1s also
flown for the same period of time (i.e., 72 seconds). The
relationship between the rate of change of the resistance and
temperature has been empirically obtained and is established
by the following equation (7):

(AR)Y2=0.001192. T-0.574. (7)

Graph M 1illustrates the rate of change of the resistance of the
MR head 14 through which a counter-directional compen-
sation current of 21 mA 1s flown for a switching period of 1.2
seconds. In this 1llustration, a sense current of 21 mA 1s also
flown for the same period of time (i.e., 1.2 seconds). The
relationship between the rate of change of the resistance and
temperature has been empirically obtained and 1s established
by the following equation (8):

(AR)"*=0.0003668. T-0.16866. (8)

FIG. 9 demonstrates that the gain 1n life, 1.e., the reduction
of the rate of change of the resistance of the MR element 14
1s improved when the switching period of the sense current
and the compensation current 1s shortened. This conclusion
holds true at all operating temperatures.

FIG. 10 reflects a quantitative relationship between the
change in resistance (AR) of the MR element 14 relative to
fime, measured 1n ohms per hour, relative to the square root
of time (t)"* in (seconds)”*. Graph P illustrates the rate of
change of the resistance 1n the three MR heads described in
relation to FIG. 9, at a temperature of 575 degrees Kelvin.
The relationship between the rate of change of the resistance
and time is established by the following equation (9):

(AR)=0.00216. (t)*2. (9)

Graph Q 1llustrates the rate of change of the resistance in
the three MR heads described 1n relation to FIG. 9, at a

temperature of 550 degrees Kelvin. The relationship
between the rate of change of the resistance and time 1s
established by the following equation (10):

(AR)=0.00135. ()"~ (10)

Graph R 1illustrates the rate of change of the resistance 1n the
three MR heads described in relation to FIG. 9, at a

temperature of 525 degrees Kelvin. The relationship
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between the rate of change of the resistance and time 1s
established by the following equation (11):

(AR)=0.00072. ()/2. (11)

FIG. 10 demonstrates that the rate of change of the resis-
tance at any transducer or MR element 14 temperature scales
with the square root of time. The following Table I 1s

generated based on the foregoing equation (11).

TABLE 1
Switching Period “t” (sec.) AR (mOhm/Hr)  DC Rate (Sec)
733 (DC) 19.5
72 0.1 3.19
1.2 0.79 24.7
0.5 0.51 38.2
0.2 0.32 60.9
0.1 0.23 34.8
0.05 0.16 122
0.02 0.10 195
0.01 0.072 271
0.005 0.051 38.2

With reference to FIG. 11, the empirical data demonstrate
that the diffusion length (I,,) or excursion of electromigra-
tion within the MR element 14 establishes a substantially
linear relationship with the rate of variation of the resistance
(AR) As an example, by applying equation (3) above for an
activation energy of 17.6 Kcal, and a constant D, equal {o
6.8x107"°, the diffusion constant D is 30><10_18 cm”/ sec-
ond.

In addition, the directional diffusion length (I,) is related
to the diffusion constant D and to time t, by the following
equation (12):

(I,E:r)=[2-D-tlfz]”2

where t, , 1s equal to half the switching period. By applying
equation (12), the diffusion lengths (I,) for a conventional
MR head without a compensation current, for a MR head
using a switching period of 72 seconds, and for a MR head
using a switching period of 1.2 second, are 21 Angstroms,
6.6 Angstroms (point b), and 0.85 Angstroms (point a);
respectively.

It should be understood that the geometry, dimensions and
parameters described above may be modified within the
scope of the mvention. For example, the inventive concept
presented herein 1s equally applicable to spin valves, GMR’s
and other similar structures.

What 1s claimed 1s:

1. A magnetoresistive head for reading data from a
magnetic medium comprising:
a magnetoresistive element through which a umdirec-
tional sense current 1s flown; and

a control circuit for determining whether one or more
switching criteria have been met and for applying a
counter-directional compensation current in said mag-
netoresistive element when said one or more switching
criteria are met,

such that electromigration in said magnetoresistive ele-
ment 1s substantially reduced in the direction of said
sense current, and

wherein a sense period during which said sense current 1s
flown through said magnetoresistive clement 1s
approximately 73 seconds.

2. A magnetoresistive head according to claim 1, wherein
said compensation current 1s applied during a quiescence
period.

3. A magnetoresistive head according to claim 2, wherein
said quiescence period changes 1n length during the opera-
tion of the magnetoresistive head.

(12)




6,163,426

9

4. A magnetoresistive head according to claim 2, wherein
saild compensation current 1s applied while the magnetic
head 1s writing data onto the magnetic medium.

5. A magnetoresistive head according to claim 2, wherein
said one or more switching criteria include setting a maxi-
mum sense time.

6. A magnetoresistive head according to claim 1, wherein
said control circuit applies said sense current and said
compensation current periodically.

7. A magnetoresistive head according to claim 1, wherein
said sense current and said compensation current have
substantially equal intensities.

8. A magnetoresistive head according to claim 7, wherein
said sense current and said compensation current are applied
periodically for substantially equal periods of time.

9. A magnetoresistive head according to claim 1, wherein
the intensities of said sense current and said compensation
current are not equal.

10. A magnetoresistive head according to claim 9,
wherein said sense current and said compensation current
are applied periodically for different periods of time such
that substantially equal total integrated powers are induced
within said magnetoresistive element during said different
periods, for countering the migratory effect of atoms.

11. Amagnetoresistive head according to claim 1, wherein
said sense current 1s applied for a period of time, so as to
prevent atomic excursion beyond a predetermined number
of atom diameters.

12. A magnetoresistive head according to claim 1,
wherein said sense current 1s applied for a period of time to
prevent atomic excursion beyond approximately one atom
diameter.

13. A method for reading data from a magnetic medium
using a magnetoresistive head comprising:

flowing a unidirectional sense current through a magne-
toresistive element;

determining whether one or more switching criteria have
been met; and

applying a counter-directional compensation current in
said magnetoresistive element when said one or more
switching criteria are met,

such that electromigration in said magnetoresistive ele-
ment 1s substantially reduced 1 the direction of said
sense current,

wherein said sense current and said compensation current
are periodically alternated during the operation of the
magnetic head;

wherein determining whether one or more switching
criteria have been met includes setting a maximum time
limit for said sense current that 1s not exceeded prior to
applying a compensation current; and

further including establishing a switching criterion
wherein a substantially linear relationship 1s set
between the logarithm of said maximum time limit and
the 1nverse of temperature, as follows:

Log Time Max=A(1/7)-5,

where A and B are constant values.

14. A method according to claim 13, wherein said values
A and B are set as follows:

A=44009;
B=7.72.

15. A magnetoresistive head for reading data from a
magnetic medium comprising:
a magnetoresistive element through which a continuous
unidirectional sense current 1s flown;
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a control circuit for determining whether one or more
switching criteria have been met, and for suspending
said sense current 1n said magnetoresistive element for
a period of time, so as to prevent atomic excursion
beyond a predefined number of atom diameters;

wheremn electromigration in said magnetoresistive ele-
ment 1s substantially reduced in the direction of said
sense current; and

wherein said atomic excursion 1s less than approximately

one atom diameter.

16. A magnetoresistive head according to claim 135,
wherein said sense current 1s preferably suspended during a
quiescence period.

17. A magnetoresistive head according to claim 16,
wherein said sense current 1s suspended while the magnetic
head 1s writing data onto the magnetic medium.

18. A magnetoresistive head for reading data from a
magnetic medium using a magnetoresistive head compris-
ng:

flowing a continuous unidirectional sense current through

a magnetoresistive element;

determining whether one or more switching criteria have
been met;

suspending said sense current 1n said magnetoresistive
clement for a period of time, so as to prevent atomic
excursion beyond a predefined number of atom

diameters,

wheremn electromigration in said magnetoresistive ele-
ment 1s substantially reduced in the direction of said
sense current; and

wherein suspending includes suspending said sense cur-
rent for a sufficient time to prevent atomic excursion
beyond approximately one atom diameter.

19. A method according to claim 18, wherein said step of
suspending includes suspending said sense current during a
quiescence period.

20. A method according to claim 18, wherein said step of
suspending includes suspending said sense current while the
magnetic head 1s writing data onto the magnetic medium.

21. A magnetoresistive head for reading data from a
magnetic medium, comprising:

a magnetoresistive element through which a unidirec-

tional sense current 1s flown; and

a control circuit for determining whether one or more
switching criteria have been met and for applying a
counter-directional compensation current in said mag-
netoresistive element when said one or more switching
criteria are met,

such that electromigration in said magnetoresistive ele-
ment 1s substantially reduced in the direction of said
sense current;

wherein said sense current and said compensation current
are periodically alternated during the operation of the
magnetic head;

wherein said control circuit determines a maximum time
limit for said sense current that 1s not exceeded prior to
applying a compensation current; and

wherein said control circuit establishes a switching crite-
rion whereby a substantially linear relationship 1s set
between the logarithm of said maximum time limit and
the 1nverse of temperature, as follows:

Log Time Max=A(1/T)-5,

where A and B are constant values.
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